Introduction
============

Myopia is a growing problem, with an estimated 22.9% and 2.7% of the world's population currently experiencing myopia and high myopia, respectively.[@b1-opto-10-075] These figures are estimated to grow to 49.8% and 9.8%, respectively, by 2050.[@b1-opto-10-075]

Myopia, and in particular high myopia (usually defined as a refractive error of at least −5.00 D), is associated with increased rates of ocular pathology such as retinal detachment, myopic macular degeneration, glaucoma, and cataracts.[@b2-opto-10-075],[@b3-opto-10-075] Not only are these conditions of concern to the individual, but they also place an economic burden on society. Affected patients require complex treatments and frequent visits to eye-care practitioners, and even in the absence of other pathology, best-corrected vision can be reduced because of the changes in ocular anatomy associated with high myopia.[@b4-opto-10-075]--[@b10-opto-10-075] These factors can lead to a decrease in productivity, independence, and quality of life.[@b4-opto-10-075]

Optical strategies to reduce the progression of myopia in children have been of rising interest over the past several decades. One method that has emerged is the use of multiple-power soft contact lenses (CLs), which are relatively simple for most eye-care practitioners to fit compared to other strategies such as orthokeratology. Being soft CLs, they are also cosmetically acceptable compared to spectacles, can improve quality of life,[@b11-opto-10-075] and are generally able to be handled and worn by children.[@b12-opto-10-075]

Soft CLs used for myopia control based on the peripheral hyperopia theory have a distance portion of the lens to correct myopia, surrounded by optics that induce myopic defocus in the peripheral retina. Examples of such lenses include center-distance Proclear^®^ Multifocal (CooperVision, Pleasanton, CA, USA) and a novel lens type used in a study by Sankaridurg et al. The former was reported to slow myopia progression by 51% over 2 years,[@b13-opto-10-075] and the latter by 34% over 1 year.[@b14-opto-10-075] Bifocals used for myopia control include concentric rings of alternating power around the center-distance zone, examples of which include MiSight™ (CooperVision),[@b15-opto-10-075] and the novel DISC lens (Centre for Myopia Research, School of Optometry, The Hong Kong Polytechnic University, Kowloon, Hong Kong).[@b16-opto-10-075] The former was reported to slow myopia progression by 37% over 10 months[@b17-opto-10-075] and 59% over 3 years,[@b18-opto-10-075] and the latter by 25% over 2 years.[@b16-opto-10-075] Additionally, Acuvue^®^ Bifocal (Johnson & Johnson Vision Care, Jacksonville, FL, USA) CLs were shown to slow myopia progression by 72% over 1 year in myopic children with eso fixation disparity at near.[@b19-opto-10-075]

Two novel prototype extended-depth-of-focus (EDOF, Brien Holden Vision Pty Ltd., Sydney, NSW, Australia) CLs being tested on children living in China[@b20-opto-10-075] do not fall under conventional zonal bifocal or aspheric multifocal design. The optical designs of the EDOF lenses utilize selective manipulation of higher-order aberrations to achieve EDOF for the wearer, providing good vision at all customary viewing distances while minimizing unwelcomed visual compromises like ghosting and haloes commonly associated with conventional simultaneous-image multifocal designs. Additionally, visual performance with these lenses is intended to be relatively pupil neutral and relatively independent of the individual's inherent ocular aberrations. The optical design can be described to have a nonmonotonic, aperiodic, refractive power profile across its optic zone diameter ([Figure 1](#f1-opto-10-075){ref-type="fig"}). This design in conjunction with the optics of the wearer's eye provides an image on the retina that remains above an acceptable retinal image quality threshold continuously across a range of visual distances. These lenses are hypothesized to slow myopia progression by producing a global retinal image quality that degrades for all points behind the retina, thus acting as a stop signal for myopia progression.[@b20-opto-10-075] The two EDOF lenses slowed myopia progression by 34% and 36% compared to single-vision CLs at the 6-month visit,[@b20-opto-10-075] and by 27% and 33% at the 12-month visit.[@b21-opto-10-075]

Visual performance of MiSight and Proclear Multifocal in non-presbyopic adults has been reported previously.[@b22-opto-10-075]--[@b24-opto-10-075] These studies showed that even though high-contrast visual acuities were good, subjective performance was reduced compared to habitual or single-vision correction.[@b22-opto-10-075]--[@b24-opto-10-075] Good subjective performance is desirable in a myopia control lens to promote full-time lens wear. Indeed, Lam et al and San-karidurg et al found that myopia progression was inversely proportional to CL wearing time.[@b16-opto-10-075],[@b21-opto-10-075]

In the current study, we compare the visual performance and wearability of novel EDOF prototype lenses to that of MiSight and Proclear Multifocal in non-presbyopic adults. In addition, optical modeling of the test CLs used in conjunction with an appropriate schematic myopic model eye resulted in line and edge spread functions (LSF and ESF) that were used to explain the differences observed in the clinic.

Methods
=======

Design
------

This was a prospective, double-blind, crossover, randomized, 1-week dispensing clinical trial conducted at the Clinical Research and Trials Centre (CRTC) of the Brien Holden Vision Institute in Sydney, Australia, which commenced in March 2016 and concluded in January 2017. A Human Research Ethics Committee (Bellberry, Adelaide, SA, Australia) approved the clinical trial. Written informed consent was obtained from each participant before commencing any study procedures. The clinical trial conformed to the principles of the Declaration of Helsinki. The trial was registered with ANZCTR (ACTRN12615000652572) and [ClinicalTrials.gov](http://ClinicalTrials.gov) (NCT02484586).

Participants
------------

The inclusion criteria for the study were as follows: aged between 18 and 35 years, distance high-contrast visual acuity (HCVA) correctable to at least 20/40 in each eye with study CLs, astigmatism of ≤1.00 DC, a spherical equivalent refraction between −6.00 and −0.50 D, and having good ocular health to not preclude safe CL wear. Participants were also required to have no systemic conditions that would affect ocular health or lens wear such as diabetes or autoimmune conditions. The enrolled participants were a mix of both experienced and non-CL wearers. The latter went through a 1-week period of lens adaptation with commercial single-vision CLs for lens handling training.

Baseline procedures
-------------------

A baseline visit determined the participants' subjective distance refraction, stereopsis, distance and near horizontal phoria, and monocular accommodative facility. All baseline procedures were performed under photopic conditions (350--400 lux).

Subjective distance refraction was performed using standard optometric techniques. HCVA was measured using a Test Chart 2000 Pro (Thompson Software Solutions, Hertfordshire, UK) at 6 m, and a high-contrast black-on-white ETDRS 2000 Series Logarithmic Visual Acuity Chart (Precision Vision, Woodstock, IL, USA) at 40 cm.

The participant wore the full-distance subjective refraction in a trial frame for all subsequent measurements. Stereopsis was measured at 40 cm using the Random Dot 3 LEA SYMBOLS^®^ Stereoacuity Test (Vision Assessment Corporation, Elk Grove Village, IL, USA). Phorias were measured using Howell-Prentice Distance and Near Cards (Cyclopean Design, Heathmont, VIC, Australia) at 3 m and 33 cm, respectively. Monocular accommodative facility was measured with ±2.00 D flippers while viewing a 0.2 logMAR size paragraph on a black-on-white MNREAD chart (Precision Vision) at 33 cm with the left eye occluded.

Contact lenses
--------------

Test lenses were prototype CLs manufactured in polyhydroxyethylmethacrylate (poly-HEMA; Pegavision, Taoyuan City, Taiwan) (58% water content) with base curve and diameter 8.5 and 14.2 mm, respectively. Two different designs were tested, named Prototypes 1 and 2.

Control lenses comprised Proclear Multifocal (center-distance, +2.00 D add, omafilcon B, CooperVision) and MiSight (approximately +2.50 D add \[[Figure 1](#f1-opto-10-075){ref-type="fig"}\], omafilcon A, CooperVision).

Lenses were worn on a daily-wear basis for 1 week (minimum 5 days), for a minimum of 6 hours per day and disposed daily. Initial lens powers were chosen based on participants' spherical equivalent subjective distance refraction. Power profiles for all study lenses based on a −3.00 D label power, as measured with the NIMO TR1504 (Lambda-X, Nivelles, Belgium), are shown in [Figure 1](#f1-opto-10-075){ref-type="fig"}.

Masking procedure
-----------------

Investigators at the CRTC were divided into two groups, unmasked and masked observers. Unmasked observers performed fitting visits during which the assigned lens (allocated through a simple randomization scheme generated through <http://randomization.com>) was fitted to the participant. Approximately 10 min after lens insertion, over-refraction was performed using a trial frame to achieve best-distance monocular HCVA with minimal minus over-refraction. If a residual over-refraction was found, CLs were changed to the appropriate power. CL fit was assessed by the unmasked investigator to ensure an acceptable fit before dispensing the CLs for \~1 week. All dispensed CLs were overlabeled with an "R" or an "L" to mask participants to lens type and differentiate right eye and left eye.

At the end of 1 week of lens wear, participants returned for an assessment visit, during which acuity, binocular vision measurements, and subjective data were collected by masked investigators. A minimum two-night washout period was observed, during which participants wore their habitual corrections before returning for the next fitting visit ([Figure 2](#f2-opto-10-075){ref-type="fig"}).

Visual acuity, binocular vision, and stereopsis measurements
------------------------------------------------------------

At fitting visits, monocular and binocular HCVA were measured at 6 m with the Test Chart 2000 Pro, with contrast set to 100%. Near HCVA was measured at 40 cm with the high-contrast black-on-white ETDRS 2000 Series Logarithmic Visual Acuity Chart. All fitting visit measurements were taken under photopic conditions.

At assessment visits, HCVA and low-contrast visual acuity (LCVA) were measured binocularly at 6 m with the Test Chart 2000 Pro, with contrast set to 100% and 10%, respectively. HCVA and LCVA were also measured binocularly at 70 cm, to represent computer distance, and 40 cm with a high- and low-contrast black-on-white ETDRS 2000 Series Logarithmic Visual Acuity Charts. These charts are designed for 40 cm, so acuity measurements at 70 cm were converted to equivalent values in logMAR prior to statistical analysis. Stereopsis, distance and near horizontal phoria, and monocular accommodative facility were measured as per baseline methods. All measurements were taken under photopic conditions. The analysis comprised acuity measurements from assessment visits but not those from fitting visits.

Subjective questionnaire
------------------------

The subjective questionnaire encompassed a broad range of visual tasks/demands needed on a daily basis. The questionnaire was administered twice: once as a take-home questionnaire to be filled approximately halfway between the fitting and assessment visit, and once at the assessment visit. The average of responses for the two questionnaires was used for analysis as all responses were well correlated (Pearson's *r* = 0.763--0.918, *p* \< 0.001) and a linear mixed model showed that the responses were not significantly different for all variables (*p* ≥ 0.131) except intermediate clarity in the day time (*p* = 0.027). All subjective ratings were based on a numeric rating scale (NRS) scored on a 1--10 interval, in 1-unit steps. Similar questionnaires have been used in our previous assessment of prototype EDOF and commercially available multifocal lenses.[@b22-opto-10-075],[@b25-opto-10-075]--[@b29-opto-10-075] Questionnaires comprised clarity of vision (1 = blurred, 10 = clear), and ghosting (1 = none, 10 = severe) for distance, intermediate, and near distances under day- and night-time conditions. Targeted questions on vision stability under day- and night-time conditions (1 = very unstable, 10 = very stable), driving vision under day- and night-time conditions (1 = blurred, 10 = clear), night-time haloes (1 = not bothersome, 10 = extremely bothersome), ocular comfort (1 = uncomfortable, 10 = comfortable), and overall vision satisfaction (1 = not satisfied, 10 = satisfied) were also included. Frequency of eyestrain symptoms (never/infrequently/sometimes/fairly often/always) was also reported with the following questions: "Do you feel sleepy when reading or doing close work with these lenses?", and "Do you lose concentration when reading or doing close work with these lenses?"

At assessment visits, participants were asked to recall average daily CL wear-time and number of hours per day with acceptable vision. Participants were also asked about their willingness to purchase lenses by answering the following questions with a yes/no response: "Based on vision only, would you buy these lenses?", "If these lenses help slow down the progression of myopia (short-sightedness), would you buy them?"

Data transformation
-------------------

To simplify interpretation, the scale for ghosting rating and the scale for night-time haloes have been reversed to be consistent with the other ratings so that a higher rating refers to a better result (i.e., less ghosting and less bothersome haloes). The ghosting variable will, therefore, be referred to as "lack-of-ghosting" and the halo variable will be referred to as "lack-of-haloes". As the stereopsis data were positively skewed, a log transform to the raw data was performed prior to statistical analyses.

Statistical analysis
--------------------

A minimum sample of 27 participants was needed to demonstrate a statistically significant paired difference of 1 ± 1.8 between lens types for subjective variables with 80% power and 5% level of significance. This sample also had 90% power to detect 0.10 ± 0.15 logMAR difference in visual acuity between the lens types. All the analyses were performed using SPSS 21 (IBM Corporation, Armonk, NY, USA) and the level of significance was set at 5%. Post hoc multiple comparisons were adjusted using Bonferroni correction.

Data are summarized as observed means ± SD for variables measured on an interval scale. All categorical variables are summarized as percentages. For subjective and visual acuity variables, a linear mixed model with subject random intercepts was deployed to test the hypothesis that the prototype lenses performed differently to the controls. The model included lens type as a factor for all variables. For HCVA and LCVA, the model also included test distance as a factor. For all subjective variables, ocular comfort was included as a factor. For clarity of vision and lack of ghosting, test distance and time of day were included as factors. For driving vision and vision stability, time of day was included as a factor.

The interaction of lens type with all other factors was tested. If the interaction of lens type with any other factor was found to be significant, further tests were deployed to determine significance of lens type within sublevels of the interacting factor. In all other instances, the results are generalized for the whole group. This modeling approach was used instead of several paired *t*-tests to avoid inflating the type I error rate. Willingness-to-purchase questions and frequency of eyestrain symptom questions were analyzed using chi-square test.

Optical performance modeling
----------------------------

The power profiles of the commercial and the prototype lenses in the distance label powers of −1.00, −3.00, and −6.00 D were measured (NIMO TR1504; Lambda-X) and employed for the theoretical optical performance evaluation in Zemax optical performance evaluation in OpticStudio 17 (Zemax, Kirkland, WA, USA). A schematic model eye was defined[@b30-opto-10-075] and the vitreous chamber depth was optimized to achieve eyes with refractive errors of −1.00, −3.00, and −6.00 D. A CL, specified with the measured power profiles of each lens type, was used to correct the corresponding schematic myopic model eye. Theoretical optical performance was computed at 5 mm pupil using the ESF and LSF and pupil sampling 1024 × 1024. The slope of the ESF and the blur patch size (i.e., background noise) of the LSF were obtained and compared between lenses. A steep slope in the ESF suggests good optical performance, translating to good visual acuity, while an increased blur patch size in the LSF indicates reduced contrast, which may translate to poor subjective visual performance.

Results
=======

Demographics
------------

A total of 35 participants commenced the study, and 30 completed the study. Of those who completed the study, 63% were female, the mean ± SD age was 24 ± 5 years (range 18--33 years), 23% were Caucasian, 43% were Asian, and 33% other ethnicity. Of the five participants who discontinued during the course of the study, three were lost to follow-up, one withdrew because of a time/job conflict, and one withdrew because of unaccept able subjective vision with study lenses. Only data from participants who completed all study lenses were included in the analysis. No significant adverse events resulted from lens wear and there were no instances where a lens fit was unacceptable.

Acuities and binocular vision
-----------------------------

HCVA and LCVA results are presented in [Figure 3](#f3-opto-10-075){ref-type="fig"}, while binocular vision results are presented in [Table 1](#t1-opto-10-075){ref-type="table"}. The interaction between lens type and test distance was significant for both HCVA and LCVA (*p* \< 0.001). MiSight was significantly better than both Prototype 1 and Prototype 2 for binocular HCVA and LCVA at 6 m (*p* ≤ 0.006). Proclear Multifocal was significantly better than both Prototype 1 and Prototype 2 for binocular LCVA at 6 m (*p* ≤ 0.027) and better than Prototype 2 for binocular HCVA at 6 m (*p* \< 0.001). Prototype 1 was significantly better than Prototype 2 for binocular LCVA at 6 m (*p* = 0.018). Lens type was a significant factor for monocular accommodative facility, with participants achieving significantly higher facilities with Prototype 2 and Prototype 1 than with MiSight (*p* ≤ 0.010).

No significant differences between lenses were found for HCVA or LCVA at 70 or 40 cm, stereopsis, or distance or near phoria (*p* \> 0.05).

Subjective variables
--------------------

Observed ratings for subjective variables that used the 1--10 NRS are shown in [Figure 4](#f4-opto-10-075){ref-type="fig"}. Ocular comfort, for which Prototype 1 was rated significantly better than Proclear Multifocal (*p* = 0.019) and both Prototypes 1 and 2 were rated significantly better than MiSight (*p* ≤ 0.008), was found to be a significant factor for all subjective NRS variables (*p* ≤ 0.015). Therefore, results for these are also reported as estimated means (mean results calculated assuming average ocular comfort) in [Table 2](#t2-opto-10-075){ref-type="table"} and in the rest of this section to adjust for the possible effect of comfort.

Lens type was a significant factor for vision clarity, lack of ghosting, overall vision satisfaction, and lack of haloes (*p* ≤ 0.002), but not for driving vision or vision stability (*p* ≥ 0.102). Test distance was a significant factor for vision clarity (*p* \< 0.001), with higher mean ratings at distance. Time of day was a significant factor for vision clarity, lack of ghosting, driving vision, and vision stability (*p* ≤ 0.048), with higher mean ratings in the day time. However, the i nteractions of test distance and time of day with lens type were not significant (*p* \> 0.05).

Prototype 1 was rated significantly higher than both MiSight and Proclear Multifocal for vision clarity, lack of ghosting, and overall vision satisfaction (*p* ≤ 0.047). Prototype 1 was also rated significantly higher than MiSight for lack of haloes (*p* \< 0.001), and higher than Prototype 2 for overall vision clarity (*p* = 0.021).

Participants rated Prototype 2 significantly higher than both MiSight and Proclear Multifocal for lack of ghosting (*p* \< 0.001). Prototype 2 was also rated significantly higher than MiSight for lack of haloes (*p* = 0.003).

Proclear Multifocal was rated significantly higher than MiSight for lack of ghosting (*p* \< 0.001). MiSight was not rated significantly higher than any other lens for any subjective variable.

Frequency of eyestrain symptoms is shown in [Figure 5](#f5-opto-10-075){ref-type="fig"}. There were no differences in frequency of eyestrain symptoms between the test and control lenses (*p* ≥ 0.441).

Participants wore Prototypes 1 and 2 for significantly longer each day on average than MiSight (*p* ≤ 0.001), and also found their vision acceptable for significantly longer each day when wearing Prototypes 1 and 2 compared to MiSight (*p* ≤ 0.001). These data are shown in [Table 3](#t3-opto-10-075){ref-type="table"}.

There was a significant difference between lens types for willingness to purchase (*p* = 0.012) with Prototype 1 having the highest willingness-to-purchase rate ([Figure 6](#f6-opto-10-075){ref-type="fig"}). A higher proportion of participants would purchase all lens types if myopia progression was slowed but there was no significant difference between lens types in this scenario (*p* = 0.248).

Optical performance modeling
----------------------------

There were distinctive differences between the ESFs and LSFs of the commercial lenses and the prototype lenses ([Figure 7](#f7-opto-10-075){ref-type="fig"}).

While the MiSight and the Proclear Multifocal Distance lenses showed a steep slope in the ESF that occurred within the central 10 and 20 µm of the retina, respectively, the prototype lenses showed a more gradual slope within the central 40 µm of the retina.

Comparison of the LSFs showed that the blur patch sizes of the MiSight and the Proclear Multifocal Distance lenses were about 160 µm across the central retina, but the blur patch sizes of the prototype lenses were about 90 µm across the central retina.

The ESFs and LSFs remained constant with changes in refractive error.

Discussion
==========

With myopia an increasing worldwide problem, multifocal soft CLs have emerged as one of the strategies to reduce myopia progression in children. Past research on myopia control using multifocal soft CLs generally reports a 25%--50% reduction in myopia progression compared to single vision.[@b13-opto-10-075],[@b14-opto-10-075],[@b16-opto-10-075],[@b17-opto-10-075] However, the visual performance of myopic control soft CLs also tends to be reduced,[@b22-opto-10-075],[@b23-opto-10-075] which may lead to decreased compliance with lens wear and reduction in the efficacy of myopia control.[@b16-opto-10-075],[@b21-opto-10-075] Hence, a multifocal soft CL that is effective in myopia control while also maintaining good visual performance is desirable.

In the present study, we compared the wearability of four different CL designs that have shown efficacy in myopia control. MiSight and center-distance Proclear Multifocal are commercially available CLs with reported myopia control efficacy of 36%--59% over 10 months to 3 years for MiSight[@b17-opto-10-075],[@b18-opto-10-075] and 51% over 2 years for Proclear Multifocal.[@b13-opto-10-075] The other two test lenses are prototype designs. The efficacy of the test lenses (Prototypes 1 and 2) is currently being trialed in China, and the 12-month results from this trial have been recently reported: Prototypes 1 and 2 showed adjusted mean myopia control of 27% and 33%, respectively, compared to the control.[@b21-opto-10-075] The differences in efficacy between MiSight, Proclear Multifocal, Prototype 1, and Prototype 2 could be due to a number of factors such as differences in lens design, participant age group, study design, baseline refraction, parental myopia, ethnicity, and/or peripheral refraction profiles. However, to explore these variables is clearly beyond the scope of the current study.

In terms of visual acuity, the control lenses MiSight and center-distance Proclear Multifocal provided participants in our study with excellent HCVA and LCVA at all distances, even exceeding the visual acuities reported by Anstice and Phillips, Walline et al, and Fedtke et al.[@b13-opto-10-075],[@b17-opto-10-075],[@b22-opto-10-075] However, this was not reflected in participants' subjective responses, where they preferred the prototypes, particularly Prototype 1, in the majority of subjective variables tested. This suggests that participants found their quality of vision with MiSight and Proclear Multifocal compromised by factors that do not necessarily affect their ability to resolve letters, such as ghosting and/or haloes. Indeed, the subjective variables that showed the greatest differences between the commercial and prototype lenses were those related to ghosting and haloes, problems that arise from simultaneous imaging CLs because of the production of multiple defocused images on the retina.[@b22-opto-10-075],[@b31-opto-10-075]

These results support past work indicating that subjective assessments are more sensitive than objective assessments in determining success and patient satisfaction with multifocal CLs.[@b25-opto-10-075],[@b32-opto-10-075] The discrepancy between objective and subjective results in our study is also in line with the studies by Kollbaum et al and Fedtke et al, which found that participants attained good HCVA with MiSight and Proclear Multifocal, but they rated subjective visual performance significantly lower than with habitual or single-vision correction.[@b22-opto-10-075],[@b23-opto-10-075]

To further understand the differences observed in previous studies and the current study, optical performance, as described by the ESF and the LSF, was computed and compared between the commercial and the prototype lenses. The steeper slope of the ESF and the greater blur patch size of the LSF with the commercial lenses when compared to the prototype lenses are in line with the visual performance results of this study, that is, the better visual acuity, but lower subjective visual performance results with the commercial lenses. This agreement between objective and subjective performance measures also suggests that the ESF and LSFs may be valuable features when optimizing visual performance of CLs.

Our monocular accommodative facility results showed that MiSight caused the lowest facility, while Proclear Multifocal and Prototypes 1 and 2 were no different to each other. Ozkan et al found that monocular accommodative facilities with four multifocal CLs, including Proclear Multifocal Distance, were lower than that of a single-vision CL in a group of 18--25-year-old myopic CL wearers.[@b33-opto-10-075] We can deduce that Proclear Multifocal and Prototypes 1 and 2 cause some disruption to accommodative facility when compared to the single-vision CL, but MiSight causes the most disruption. Despite this, Anstice and Phillips reported that MiSight was able to stimulate accommodation for near vision because of its large central zone.[@b17-opto-10-075] However, these authors tested lag of accommodation with MiSight in one eye, while the other eye wore a single-vision distance lens. It is possible that wearing MiSight binocularly would have caused more disruption to the accommodative system. Ozkan et al also reported an average monocular accommodative facility with center-distance Proclear Multifocal of 16.1 ± 8.5 cycles/minute.[@b33-opto-10-075] The lower mean monocular accommodative facility in our study may be due to a more difficult target, as they used a 6/12 Snellen "E" letter, while we used a 0.2 logMAR (6/9) paragraph of text. Our distance and near phoria measurements for Proclear Multifocal lenses are in agreement with previous observations.[@b33-opto-10-075]

In terms of wearing time, Prototypes 1 and 2 had the longest average daily wearing time of the study lenses, with the average wearing time being \>9 hours. MiSight had the shortest average daily wearing time of 7.6 hours. Anstice and Phillips reported in their study an average daily wearing time with MiSight lenses of 11.9 hours/day at 2 weeks, which increased to 13.15 hours/day at 20 weeks.[@b17-opto-10-075] However, an 8 hour per day minimum wear time was imposed in their study, compared to a 6 hour per day minimum in the current study. Furthermore, participants in the study of Anstice and Phillips wore a single-vision distance lens in one eye, potentially improving visual performance. We acknowledge that our current study was limited in its duration, and patient adaptation may result in increased wearing time of MiSight lenses compared to our study; however, we would also expect increases in wearing time with other lenses.

We chose to dispense center-distance Proclear Multifocal as a daily disposable, despite normally being a monthly daily-wear lens. This was to avoid potential comfort issues with reused lenses and lens care solution, to improve convenience for participants, and to maintain robustness of the masking and randomization scheme. With respect to ocular comfort, it was interesting to note that the observed means for ocular comfort ratings mirrored the ratings of most of the other variables. When the means were adjusted for comfort, the effect of lens type became nonsignificant for vision stability and driving vision, but remained significant for vision clarity, ghosting, haloes, and overall vision satisfaction. From this, it appears as though there was at least some subconscious influence of comfort on vision or vice versa. This phenomenon has been investigated and reported previously.[@b34-opto-10-075],[@b35-opto-10-075] Regardless, even after adjusting for comfort, participants in this study rated the prototypes, particularly Prototype 1, higher than MiSight and Proclear Multifocal in a number of variables.

In terms of comparing the visual performance of MiSight against center-distance Proclear Multifocal, the results from the current study showed no differences between the two for all variables except Proclear Multifocal, which was rated as having less overall ghosting compared to MiSight. Though they did not directly compare the two, Fedtke et al also found higher mean ratings for their subjective variables with Pro-clear Multifocal than with MiSight.[@b22-opto-10-075] Overall, this suggests that center-distance Proclear Multifocal, a lens primarily used for correcting presbyopia, is at least slightly better tolerated by non-presbyopic myopes than MiSight.[@b13-opto-10-075],[@b17-opto-10-075]

Our results showed that willingness-to-purchase values for all the study lenses increased if they were to slow myopia progression, suggesting that myopes are willing to tolerate some level of visual compromise in order to reduce their risk of myopia progression, at least in the short term. It is unknown whether they would have the same tolerances over a longer period of time, such as months to years, but it is probable that lenses with the least visual compromise would have the best chance of being worn successfully in the long term. Further study is required to show how well these lenses are tolerated over a longer period.

A limitation of the current study was that the questionnaire was not validated. However, similar questions were asked in our previous trials.[@b22-opto-10-075],[@b25-opto-10-075]--[@b29-opto-10-075] Furthermore, as this was a randomized, crossover study, any bias would remain constant throughout all administrations of the questionnaire.

Myopia progression is of greatest concern in children; therefore, results obtained from the 18--35 age group used in the current study may not be entirely representative of children. As the current study focused on the wearability, particularly the subjective performance of the test lenses, young adults were chosen as the tasks may have been difficult for a young child to comprehend and respond accurately. Performing the same study in myopic children would be useful to confirm the results obtained from young adults.

Conclusions
===========

Prototypes 1 and 2 had better subjective visual performance in numerous variables and were better tolerated by myopes compared to the commercial soft CLs currently suggested for slowing myopia progression. In summary, these new CL designs have both the potential for myopia control while still maintaining good visual acuity and favorable subjective acceptance.
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![Power profiles of the study lenses (--3.00 D label power).\
**Note:** Units of the color scale are in diopters (D).\
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![Mean ± SD Binocular HCVA and LCVA at 6 m, and 70 and 40 cm.\
**Notes:** ^\#^Indicates a significant difference of the MiSight and Proclear control lens to Prototype 1 (*p* ≤ 0.027). ^§^Indicates a significant difference of the control lens to Prototype 2 (*p* \< 0.001).\
**Abbreviations:** HCVA, high-contrast visual acuity; LCVA, low-contrast visual acuity.](opto-10-075Fig3){#f3-opto-10-075}

![Observed mean ± SD ratings for subjective variables.\
**Notes:** A higher rating indicates a better outcome. ^\#^Indicates a significant difference of the control lens to Prototype 1 (*p* ≤ 0.039). ^§^Indicates a significant difference of the control lens to Prototype 2 (*p* ≤ 0.008).](opto-10-075Fig4){#f4-opto-10-075}

![Frequency of eyestrain symptoms.\
**Note:** No significant differences were found between lens types (*p* ≥ 0.441).](opto-10-075Fig5){#f5-opto-10-075}

![Willingness to purchase lenses.\
**Notes:** There was a significant difference between lens types for willingness to purchase (*p* = 0.012) but not for willingness to purchase if lens slows myopia progression (*p* = 0.248).](opto-10-075Fig6){#f6-opto-10-075}

![Geometric LSF and ESF for all study lenses in powers −1.00, −3.00, and −6.00 D. **Note:** (**A**) MiSight™. (**B**) Proclear^®^ Multifocal. (**C**) Prototype 1. (**D**) Prototype 2.\
**Abbreviations:** ESF, edge spread function; LSF, line spread function.](opto-10-075Fig7){#f7-opto-10-075}

###### 

Mean ± SD stereopsis, monocular accommodative facility, and distance and near phoria

  Variable                                           MiSight™                                                                                            Proclear^®^ Multifocal   Prototype 1   Prototype 2
  -------------------------------------------------- --------------------------------------------------------------------------------------------------- ------------------------ ------------- -------------
  Stereopsis (seconds of arc)                        23 ± 11                                                                                             24 ± 13                  20 ± 5        22 ± 11
  Monocular accommodative facility (cycles/minute)   11.7 ± 4.8[a](#tfn1-opto-10-075){ref-type="table-fn"},[b](#tfn2-opto-10-075){ref-type="table-fn"}   13.0 ± 4.8               14.5 ± 3.9    14.0 ± 4.3
  Distance phoria (prism diopters)                   −0.6 ± 2.0                                                                                          −0.6 ± 1.0               −0.8 ± 1.4    −0.9 ± 1.5
  Near phoria (prism diopters)                       −2.2 ± 3.3                                                                                          −3.2 ± 4.1               −2.3 ± 3.3    −2.2 ± 3.2

**Notes:**

Indicates a significant difference to Prototype 1 (*p* = 0.001).

Indicates a significant difference to Prototype 2 (*p* = 0.010). Negative phoria indicates exophoria.

###### 

Estimated mean ratings (95% CI) for subjective variables after adjusting for ocular comfort ratings

  Variable                      MiSight™                                                                                                Proclear^®^ Multifocal                                                                                  Prototype 1      Prototype 2
  ----------------------------- ------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------- ---------------- ----------------
  Overall clarity               7.3 (6.9--7.6)[a](#tfn3-opto-10-075){ref-type="table-fn"}                                               7.3 (7.0--7.7)[a](#tfn3-opto-10-075){ref-type="table-fn"}                                               7.9 (7.5--8.2)   7.5 (7.2--7.9)
  Overall lack of ghosting      6.9 (6.5--7.3)[a](#tfn3-opto-10-075){ref-type="table-fn"},[b](#tfn4-opto-10-075){ref-type="table-fn"}   7.6 (7.2--8.0)[a](#tfn3-opto-10-075){ref-type="table-fn"},[b](#tfn4-opto-10-075){ref-type="table-fn"}   8.9 (8.4--9.3)   8.5 (8.1--8.9)
  Overall vision stability      7.3 (6.8--7.7)                                                                                          7.5 (7.0--7.9)                                                                                          7.6 (7.2--8.0)   7.5 (7.0--7.9)
  Overall driving vision        7.1 (6.5--7.6)                                                                                          7.5 (7.0--8.1)                                                                                          7.8 (7.2--8.3)   7.5 (6.9--8.0)
  Lack of haloes                6.5 (5.6--7.5)[a](#tfn3-opto-10-075){ref-type="table-fn"},[b](#tfn4-opto-10-075){ref-type="table-fn"}   7.7 (6.7--8.6)                                                                                          8.6 (7.7--9.6)   8.3 (7.4--9.2)
  Overall vision satisfaction   6.4 (5.9--6.9)[a](#tfn3-opto-10-075){ref-type="table-fn"}                                               6.8 (6.4--7.3)[a](#tfn3-opto-10-075){ref-type="table-fn"}                                               7.7 (7.2--8.2)   7.0 (6.5--7.5)

**Notes:**

Indicates a significant difference of the control lens to Prototype 1 (*p* ≤ 0.047).

Indicates a significant difference of the control lens to Prototype 2 (*p* ≤ 0.003).

###### 

Mean ± SD average daily wear time and average daily acceptable vision time

  Variable                                       MiSight™                                                                                           Proclear^®^ Multifocal   Prototype 1   Prototype 2
  ---------------------------------------------- -------------------------------------------------------------------------------------------------- ------------------------ ------------- -------------
  Average daily wear time (hours)                7.6 ± 3.4[a](#tfn5-opto-10-075){ref-type="table-fn"},[b](#tfn6-opto-10-075){ref-type="table-fn"}   8.5 ± 3.7                9.3 ± 2.8     9.5 ± 2.9
  Average daily acceptable vision time (hours)   5.5 ± 3.6[a](#tfn5-opto-10-075){ref-type="table-fn"},[b](#tfn6-opto-10-075){ref-type="table-fn"}   6.9 ± 3.9                7.9 ± 2.7     7.8 ± 3.0

**Notes:**

Indicates a significant difference of the control lens to Prototype 1 (*p* ≤ 0.001).

Indicates a significant difference of the control lens to Prototype 2 (*p* ≤ 0.001).
